CYP719A subfamily of cytochrome P450 oxygenases and isoquinoline alkaloid biosynthesis in Eschscholzia californica.
Eschscholzia californica produces various types of isoquinoline alkaloids. The structural diversity of these chemicals is often due to cytochrome P450 (P450) activities. Members of the CYP719A subfamily, which are found only in isoquinoline alkaloid-producing plant species, catalyze methylenedioxy bridge-forming reactions. In this study, we isolated four kinds of CYP719A genes from E. californica to characterize their functions. These four cDNAs encoded amino acid sequences that were highly homologous to Coptis japonica CYP719A1 and E. californica CYP719A2 and CYP719A3, which suggested that these gene products may be involved in isoquinoline alkaloid biosynthesis in E. californica, especially in methylenedioxy bridge-forming reactions. Expression analysis of these genes showed that two genes (CYP719A9 and CYP719A11) were preferentially expressed in plant leaf, where pavine-type alkaloids accumulate, whereas the other two showed higher expression in root than in other tissues. They were suggested to have distinct physiological functions in isoquinoline alkaloid biosynthesis. Enzyme assay analysis using recombinant proteins expressed in yeast showed that CYP719A5 had cheilanthifoline synthase activity, which was expected based on the similarity of its primary structure to that of Argemone mexicana cheilanthifoline synthase (deposited at DDBJ/GenBanktrade mark/EMBL). In addition, enzyme assay analysis of recombinant CYP719A9 suggested that it has methylenedioxy bridge-forming activity toward (R,S)-reticuline. CYP719A9 might be involved in the biosynthesis of pavine- and/or simple benzylisoquinoline-type alkaloids, which have a methylenedioxy bridge in an isoquinoline ring, in E. californica leaf.